Summary. Seven groups of 10 growing rats each were fed a control diet or rapeseed diets with glucosinolate contents ranging from 4.4 to 36.6 mM/kg DM. After a 5-day adaptation period, the rats were fed ad libitum for 17 days.
Introduction.
The meals obtained from the first new rapeseed cultivars bred in France (Morice, 1974) or in other countries (Tower, Line and Erglu) had very low glucosinolate contents (8 to 15 mM/kg of dry matter, DM) which permitted their use at high concentrations in animal feeds (McKinnon and Bowland, 1977 ; Vermorel, Fayet and Baudet, 1978 ; review by Rundgren, 1983 ; Thomke et al., 1983 ; Bell, 1984) . However, their agronomic yield was low. In France, crosses of the original lines with highly productive varieties made it possible to breed new varieties, such as Tandem and Darmor, which have yields very similar to those of the older types of rapeseed high in glucosinolates (Morice, 1983) . However, the increase in yield was accompanied by a relative increase in glucosinolate content significantly higher than that of the first varieties cited but 3 to 5 ingested by the rats were determined each day. The rats were weighed at a set time twice a week and on the last day.
At the end of the experiments, 5 rats from each group were anaesthetized with ether and 2 ml of blood were collected by cardiac puncture for determination of thyroid hormone concentrations. The other rats were asphyxiated with ether.
The liver and gut contents were removed from all the animals ; the latter were used to determine empty body weight gain (EBWG) . Plasma triiodothyronine (T 3 ) and thyroxine (T 4 ) contents were determined by radioimmunoassay ( 16, 20, 27, 34 and 33 % for diets 3, 4, 5, 6 and 7, respectively (P < 0.001) (table 4) . Similarly, the protein efficiency ratio (live weight gain/N intake) was not significantly different between groups 1 and 2, but was 24, 23, 30, 39 and 35 % lower for groups 3, 4, 5, 6 and 7, respectively (P < 0.0011. These differences were probably due to the reduced protein digestibility of diets rich in rapeseed meal and to the reduction in growth rate.
Liver weight. -Rat liver weight increased with total body weight, generally representing about 7.4 % of live weight (table 4) . There were no differences among the 7 groups, in spite of the different glucosinolate contents of diets and intake (0 to 388 mM/day on an average). Furthermore, no macroscopic anomaly was observed.
Plasma concentrations of thyroid hormones. -After the 22-day period, T 3 and T 4 levels in plasma from rats fed the rapeseed diets were all significantly lower than those of the controls (P < 0.01) (table 51. For groups 2 and 3 (4.4 and 8.8 mM GI), the plasma T 4 and T 3 levels were divided by 3 and 2, respectively. For groups 4, 5, 6 and 7 (13.4 to 36.6 mM GI), the plasma T 4 levels did not differ significantly, amounting to about 30 % of those in the controls. Plasma T 3 levels continued to drop (from 38 to 22 % of that in control animals for groups 4 to 7)
as the dietary glucosinolate content increased ( fig. 6 ).
Discussion and conclusion.
The results of this study show that after adaptation, rat feed consumption and growth rate were reduced almost linearly, with the increase in dietary glucosinolate concentration from 0 to 25 mM/kg, and then more slowly between 25 and 36.6 mM/kg. Trial conditions were such that it was not possible to determine the respective effects of ITC and VTO since the proportions of these compounds were similar in the two rapeseed meals.
One of the most interesting results of this study is the stabilization of intake and growth rate from day 8 and their reduction from day 11. This reduction accelerated, and during the last 7 days it was proportional to the dietary glucosinolate concentrations ; growth rate was close to zero. This variation in time cannot be explained by the poor palatability of the rapeseed meal due to the presence of sinapine since the rats were adapted progressively to the diets and their performance improved between days 3 and 8. It was shown that rats adapt to the presence of sinapine in the diet within one week (Vermorel, Hocquemiller and Evrard, 1987) . Moreover, Lee, Pittam and Hill (1984) showed that a reduction in feed intake by growing pigs receiving rapeseed was due to the presence of glucosinolates rather than to sinapine or tannins. Finally, the addition of progoitrin and myrosinase to a control diet caused a marked drop in intake and growth rate over 15 days (Vermorel, Heaney and Fenwick, 1986) .
It is likely that glucosinolate products, and especially VTO, inhibit thyroid hormone synthesis (Moreale and Escobar, 1967) and that the animal progressively utilizes its reserves. The effect probably increases with increasing dietary glucosinolate concentrations (Vermorel, Fayet and Baudet, 1978) , at very low levels, plasma T 4 content is not reduced in rats ; similarly, in pigs the size and structure of the thyroid gland are not altered (Thomke, 1984) . In contrast, at relatively low glucosinolate concentrations (4.4 mM/kg), plasma T 4 and T 3 contents are reduced by 65 and 50 %, respectively, showing that in rats, as in pigs, the functioning of the thyroid is very sensitive to the presence of glucosinolates. In pigs receiving only 1.7 mM glucosinolates per kg of feed, the thyroid is incapable of responding to an infusion of thyrotropin-releasing hormone (TRH) by increased T 4 secretion, as opposed to the reaction of control animals (Christison and Laarveld, 1981) . However, the performance of growing pigs receiving 4 or 5 mM of glucosinolates/kg of feed is not modified (Narendran et al., 1981 ; Thomke, 1984) , and that of rats in the present study dropped by only 6 %, even during the last 7 days, although it may be questioned whether the reduction would have increased over a long period of time.
Glucosinolate intake generally causes an increase in liver size, fatty infiltrations, many changes in enzyme activity, necrosis and regeneration in rats (Oliver, McDonald and Opuzynska, 19711 . There seem to be fewer anomalies in the liver structure of pigs (Thomke, 1984) . However, contrary to all the other results obtained on rats and pigs fed diets rich in glucosinolates, those in the present study show that a high intake did not modify relative liver weight. The phenomenon could result in part from the utilization of dehulled rapeseed meal from which we had removed a large part of the tannins responsible for liver enlargment, according to Just, Hansen and Jensen (1982) . Nevertheless, intake of purified progoitrin and myrosinase cause liver weight to double (Vermorel, Heaney and Fenwick, 1987) . The present observations could also be explained by the marked reduction in intake at the end of the trial in rats receiving high concentrations of glucosinolate. Lastly, the very mild heat treatment applied to the rapeseed may have prevented the formation of compounds toxic to the liver.
In conclusion, the effects of glucosinolates on rat performance are approximately proportional to the concentration of dietary glucosinolates ; these effects begin to appear about 10 days after the beginning of rapeseed intake and increase with time, reducing growth rate to zero. In contrast, the effects on thyroid function are maximal at low concentrations, suggesting that the reduction in plasma T 4 and T 3 levels is not the sole cause of the reduction in feed intake and growth rate. According to these results on rats, it may be assumed that the amount of rapeseed meal that can be used in the diet of growing pigs depends on the concentration and nature of the glucosinolates present and the technological treatments they undergo. 
